This study presents a competitiveness analysis of five strategic container ports in West Africa using the DEA model Windows I-C method. This method takes into account the different changes in these ports efficiency and performance using a window length of 3 over the years 2005 to 2016. The model is used to provide a ranking of the efficient strategic ports in the region. Efficient ports promote trade growth by empowering a country's imports and exports. The ranking and competitiveness of a port are evaluated based on its efficiency compared to others in its group. From the one output and the seven input variables selected, the results reveal the port of Tema to be the most competitive in the West Africa with 95% production average efficiency score, then followed respectively by Lagos, Abidjan, Lomé and Cotonou port.
Introduction
The international trade at the present time, is commonplace and goods are rarely consumed where they are produced. About 90% of international trade is done by sea [1] , and the sea-leg transportation needs seaports, also commonly called sea gateways. They are nodes or interfaces platform connecting with the land-leg freight movement. Standing at the interface of sea and its inland transportation, the West African ports play major role in international trade for the region. ports authorities' efforts to improve the container throughput in terminals, many of these sea gateways are by far the least dynamic in the world [2] . The sea ports of the region compete with each other for the landlocked countries markets as well as the internal markets of host countries.
These developing countries' ports unproductiveness, assessed by global standard, find their origin in inadequate investments and facilities, triggering congestion, long delays and dwell time, thus affecting port competitiveness in terms of import and export prices. In the case of the five West Africa selected ports, they are of high importance as they have international status with much considerable annual container throughput. They are also better positioned in servicing the markets of same landlocked countries namely Burkina Faso, Mali, and
Niger. This creates a tense competition in the regional port sector. This paper therefore aims to examine the relative efficiency and port competitiveness of following strategic sea ports in West Africa, the port of Abidjan, the port of Tema, the port of Cotonou, the port of Lagos and the port of Lomé.
These sea gateways are strategic in the sense that they are counted among the regional leading ports and, added to the fact that they compete for the same markets.
The remainder of this study is organized in the following way. Section 2, presents the research theoretical basis on the topic of ports competitiveness. Section 3, introduces the data source and the methodology adopted, then Section 4 presents and discusses the empirical results of the five studied strategic West African container ports. The paper concludes the study in Section 5.
Literature Review
A careful literature review has disclosed numerous aspects that occupies port research involving port competition [3] . One of the earliest references to port competition is author's [4] definition in which he conceptualizes and differentiates between four different levels of port competition. These are: 1) competition between port undertakings (determined by factors of production), 2) competition between ports, 3) competition between port clusters and 4) competition between ranges. Therefore, factors that affect a port's competitive position can be grouped into two categories; the factors that are within the port's capacity to control and other factors outside the bounds of the port's control. Controllable factors which are the focus of this study, may include efficiency and productivity, or port charges and services. On the other hand, non-controllable factors may include local market size, global transportation environment and national transportation policies. Also, the authors [5] explain three levels of container ports competition. The first level is intra-port competition which occurs between terminal operators at a specific port. The second level is inter-port competition between operators whereby terminal operators compete with other operators located in other national or regional ports serving the same hinterland. The third level is inter-port competition between ports authorities directed towards, as Generally, the competitive position of a container port is determined by its level of differentiation from other competing ports. The port must offer a level of service demanded by port users for specific trade route or within a specific geographic region that outweighs that of its competitors. A situation may exist whereby a particular port may be solely in the position to provide access to a particular hinterland market thereby giving it total monopoly in the market. On the other hand, a situation may also exist whereby many ports within a region may be able to provide access to a common hinterland market thereby creating fierce competition. Port services are thus provided on competitive basis. Due to the competitive nature of the evolving port sector through improvements, etc. [7] . Competitive advantage in the port industry is very much a matter of internal port influences as external environment influences [8] . Therefore, there is a need to assess the efficiency ratio of the several ports which are competing.
Emphasizing on both second levels of port competition as individually identified by authors [4] and [5] , this study attempts to examine the competitiveness of West African strategic container ports using the mathematical programming tiveness in various regions worldwide [9] , comparative analysis of models [10] , port investment and efficiency [11] , operational efficiency [12] . Unlike the port performance indicators developed by UNCTAD [13] , the advantage of DEA is that multiple inputs and outputs can be added to the model, and it therefore has the capability of providing an overall evaluation of port performance [14] . Actually, there is no consensus in the selection of inputs and outputs variables [15] .
Data and Methodology

Data and Variables Specification
The study covers a period of 12 years from 2005 to 2016. The paper selected the 5 strategic countries container ports in the West African region. These container ports are identified as Decision Making Units (DMUs), and are shown in Table 1 for this study. They practically possess similar operational measures.
The competitive analysis of these ports, is carried out using the DEA Window I-C method. The DEA efficiency ratings can be a useful tool for port managers and for researchers, providing a deeper insight into ports performances [16] .
Researches revealed an absence of consensus in the choice of the types of variables (inputs and outputs) used in the DEA model [15] . Plainly, authors [17] emphasize that the precise choice of inputs and output variables is critical to the evaluation of ports container terminals and undefined variables may lead to misleading conclusions about port evaluation.
The research therefore intends to assess the operational efficiencies of the selected DMUs. Seven input variables and one output variable are selected, and the standard container size or TEU is used with regards to the output variable (see Table 2 ). In order to be consistent with the production framework, like in previous studies applying DEA method [12] [18], this research uses proxies to evaluate the ports competitiveness through the labour and capital inputs. As for the labour inputs, the number of handling equipment's such as quayside cranes, yard gantry cranes and reach stackers are used as measurement proxy. The quay length, the container throughput limit, the terminal area, and the draught are selected as a proxy for capital, whereas, the container throughput is used as the only output in this study.
The inputs variables data listed in Table 2 
DEA Mathematical Formulation and Objective Function
The linear programming technique is used to find the set of coefficients (u's and v's) that will give the highest possible efficiency ratio of outputs to inputs for the service unit being evaluated [21] .
DMU j = service unit number j j = number of decision making units (DMU) being compared in the DEA analysis. θ = efficiency rating of the decision making unit being evaluated by DEA y ij = amount of output r used by service unit j x ij = amount of input r used by service unit j i = number of inputs used by the DMUs r = number of outputs generated by the DMUs u r = coefficient or weight assigned by DEA to output r v i = coefficient or weight assigned by DEA to input i The function is subject to the constraint that when the same set of u and v coefficients is applied to all other service units being compared, no service unit (DMUs) will be more than efficient than 1. Scholars [22] suggested the following mathematical programming for estimating the relative efficiency score of a particular DMU j among similar n entities being evaluated. 
As earlier mentioned, the DEA model Windows I-C gives an efficiency value close to one, which can be expressed in percentage in order to provide accordingly a ranking among the competitive ports by highlighting the most efficient ones.
Empirical Results
Data Analysis and Description
The characteristics of the variables used to estimate the relative competitiveness of the selected ports are presented in Table 3 . It shows the statistics employed in the DEA excel solver and this includes; the Maximum, the Minimum, the Average and the Standard deviations.
Based on the graph in Figure 1 , it can be seen that the Port of Lagos has the highest number of container throughput in this group. Nevertheless, there are 
Results Interpretation
From the analysis in Table 4 , the researcher notes that despite being the smallest port, the port of Tema is practically the most efficient port among the selected ports under study. It scored a production average efficiency of 95% over a period Source: Processed by the Author Figure 2 . Port efficiency ranking.
88% and 79% respectively. However, the port of Lomé despite its advantages in terms of quay length, quayside cranes, reach stackers and draught, scored a lower average efficiency of 73%; and bringing up the rear, the port of Cotonou which showed the lowest performance with an average efficiency score of 64%. Ports play a critical role in economies of many nations, and the countries in the West African region are not excluded. The five selected West African ports of this study are of high importance as they have an international status with much considerable container throughput. They are also servicing markets of same landlocked countries namely Burkina Faso, Mali, and Niger. Hence, leading to a fierce port competitiveness in the region. For the purpose of the competitiveness study, this research involved the use of a model and methodology to attain rigorous and reliable results. In this regard, the Data Envelopment Analysis (DEA) model was used to evaluate the efficiency and competitiveness of these five strategic ports' region.
Conclusions
The West African port landscape has evolved rapidly since the turn of the century despite a slow start in adjusting to the requirements of modern shipping liners and containerized trade. Out of the twelve West Africa ports, the present study measured the relative efficiency and competitiveness of five major commercial ports (Abidjan, Cotonou, Lagos, Lomé and Tema). The selection of these ports was in relation to their proximity to the Port of Lomé.
For the purpose of the competitiveness comparative study between these strategic West African ports, the research made use of the Data Envelopment Analysis (DEA), a technique used in port sector. Seven inputs variables were used, annual container throughput limit, draught, reach stackers, yard gantry cranes, quayside cranes, terminal area and quay length, with one output variable container throughput. Based on the DEA model results, the study showed the port of Tema to be the most efficient despite being the smallest port among the ports under study. It was followed by Lagos the first in the region in term of throughput, then the port of Abidjan. The port of Lomé came in the fourth position despite being the largest in terms of size among the studied ports, while the port of Cotonou occupied the last position.
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